Relationship between in vivo activity and in vitro measures of function and stability of a protein.
The in vivo activities of mutant proteins are readily measured and can potentially be used to estimate changes in in vitro properties such as stability or function, but this connection has not been rigorously established. Gene V protein is a small protein produced by bacteriophage f1 that binds to single-stranded DNA and to RNA and for which fitness can be assayed both in vivo and in vitro. We have assembled a large number of temperature-sensitive mutants of the gene V protein of bacteriophage f1 and measured their ability to support phage growth and replication in vivo. We have also purified many of these mutant gene V proteins and measured their stabilities and ssDNA binding affinities in vitro. Mutations at surface residues frequently yielded temperature-sensitive mutants, but remarkably, no overall correlation between in vivo activity and in vitro measures of either stability or function was found for this group. Mutations at buried residues often lead to the temperature-sensitive phenotype. At buried sites temperature sensitivity was strongly correlated with in vitro stability changes, but not with in vitro ssDNA binding affinity. The implication of these observations for protein engineering efforts is that phenotypes conferred by amino acid substitutions at buried sites can be used to identify mutants whose stabilities fall into ranges of interest, while phenotypes of mutants with surface substitutions may be much less readily interpreted, even in the case of a single-stranded-DNA-binding protein.